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[57] ABSTRACI‘ 
A system for regulating the ?ow of a ?uid in depen 
dence of an input signal includes a valve housing, a 
valve between an inlet and an outlet of the valve hous 
ing, a cylinder substantially closed off from the car 
tridge valve housing, and a piston in driving connection 
with the valve, and movable within the cylinder in 
opposite directions. A resilient device urges the piston 
to drive the cartridge valves so as to close the outlet , 
and a ?uid control device communicates with a main 
?uid conduit and with ?rst and second openings of the 
cylinder disposed on respective opposite sides of the 
piston. The valve housing inlet and a source of ?uid are 
connected to the ?rst and second openings of the cylin 
der, respectively, in a first active station of the ?uid 
switch, but this connection is reversed in a second ac- _ 
tive station thereof; the ?rst and second openings, and 
the source of ?uid are blocked in a neutral station of the 
?uid switch. A magnetic device controlled by the input 
signal exerts a force on the switch, and a system for 
transmitting any pressure difference to the switch exist 
ing between ?rst and second ?uid pressures on respec 
tive opposite sides of the piston opposes the force of the 
magnetic device. I 

9 Claims, 3 Drawing Figures 

8 .119 
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CARTRIDGE ELEMENT CONTROL 

BACKGROUND OF THE INVENTION 

The invention relates to a mechanism for controlling 
a cartridge element for the purpose of controlling the 
?ow of a ?uid, for example by the use of a throttle. 

In valves used for regulating paths by means of con 
trol sliders, it is known that the proportionality between 
a displacement of the slider, and an input signal can be 
obtained, by making the position of the slider dependent 
on an equilibrium of forces acting thereon; that means 
that the displacement of the slider is changed, by a 
change of the ratio of forces acting thereon, as the posi 
tion of the slider must, according to the basic laws of 
physics, adjust itself, so that the forces acting thereon 
are in equilibrium. 
By this means a precise and ?nely regulated position 

of a driven member is possible, which is, for example 
required in various transport machines and other de 
vices. Using a cartridge valve, that means a valve hav 
ing two inlets, but only a single control chamber, or a 
steering edge it has been very dif?cult up till now to 
devise a direct relation between an input signal and a 
dimensionally controllable cross-section for the ?ow of 
the ?uid through the cartridge valve. ‘ 

In contrast to slidable valves, cartridge valves have 
only a single input, or conduit for oil, so ‘that it is neces 
sary to borrow processes already established from the 
displacement slider technique and apply it to the car 
tridge technique, namely a combination of two main 
?ow conduits and its associated piston or ring surface, 
with the required second conduit for oil. 
By this combination the corresponding surface is 

exposed to any ?uctuations of pressure occurring in the 
main conduit, which in turn requires that these ?uctua 
tions must be appropriately regulated on an oppositely 
diposed conduit for oil, so as to displace or position the 
cartridge piston to the desired position. 

This type of control system makes very high demands 
on the quality of the regulating system. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to displace a 
cartridge valve using simple means by a predetermined 
amount, so as to make available a cross-section of prear 
ranged dimensions, for the ?ow of the ?uid, which is 
proportional to the input signal; a technique of this type 
is already known for control of a displacement slider. 

This object is attained, according to the present in 
vention, by a system for regulating the ?ow of a ?uid in 
dependence'of an input signal, which-includes a car 
tridgev valve housing having an inlet for receiving a ?uid 
from a main conduit, and an outlet for discharging the 
?uid, cartridge valve means between the inlet and the 
outlet so as to control the ?ow of the ?uid discharged 
from the outlet, a cylinder substantially closed off from 
the cartridge valve housing, a piston in driving connec 
tion with the valve means and being movable within the 
cylinder in opposite cartridge valve closing and car 
tridge valve opening directions, the cylinder having a‘ 
?rst opening disposed on one side of the piston, and a 
second opening disposed on the other side of the piston 
for ?uid to pass therethrough, the ?uid on the one side 
of the piston exerting a ?rst pressure on the one side, the 
?uid on the other side of the piston exerting a second 
pressure on the other side, resilient means urging the 
piston to close the cartridge valve means for throttling 
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2 
the ?ow of ?uid from the‘cartridge valve housing inlet 
to the cartridge valvev housing outlet, ?uid control. 
means in communication with the main conduit and 
with the ?rst and second openings of the cylinder in 
cluding a ?uid switch having ?rst and second active 
stations, and a neutral station, the ?uid switch, when 
operative, occupying one of the active stations, the' 
main conduit being connected to the ?rst opening of the 
cylinder, the second opening of the cylinder being con 
nected to a source of ?uid in the ?rst active station, the 
main conduit being connected to the second opening of 
the cylinder, the ?rst opening being connected to the 
source of ?uid in the second active station, ?uid trans 
mission to the ?rst and second openings being blocked 
in the neutral station, and magnetic means controlled by 
the input signal for exerting a force on the ?uid switch 
in dependence of the input signal, and means for trans 
mitting any pressure differential between the ?rst and 
second ?uid pressures to the ?uid switch so as to oppose 
the force of the magnetic means, whereby the ?uid 
switch is changed from at least one of the active stations 
to the neutral station upon the ?rst pressure equalling 
the second pressure. 

In one version of the invention the ?uid switch in 
cludes a container, and a slider reciprocally slidable in 
the container along a [predetermined direction, and 
along a direction opposite to the predetermined direc 
tion, the slider having oppositely disposed end surfaces 
substantially at right angles with the directions, the 
container having ?rst and second apertures disposed 
substantially opposite the end surfaces, respectively, 
and wherein the means for transmitting any pressure 
difference between the ?rst and second ?uid pressures 
to the ?uid switch includes a ?rst conduit communicat 
ing with the ?rst cylinder opening and the ?rst aperture, 
and a second conduit communicating with the second 
cylinder opening and the second aperture. 

In a second. version of the invention the ?uid switch 
includes a container, and a slider reciprocally slidable in 
the container along a predetermined direction, and 
along a direction opposite to the predetermined direc 
tion, the magnetic means exerting a force on the slider, 
and wherein the means for transmitting any pressure 
differencebetween the ?rst and second ?uid pressures 
to the ?uid switch includes the resilient means, the 
resilient means being connected to the slider so as to 
exert a force thereon opposite to the force of the mag 
netic means, whereby a comparison of the forces ex 
erted on the slider by the magnetic means and the resil 
ient means takes place in the ?uid switch. 

It is advantageous if the resilient, means is at least 
partially disposed in the cylinder. 

In a third version of the invention the means for trans 
mitting any.pressure difference between the ?rst and 
second ?uid pressures to the ?uid change-over switch 
includes position measuring means for measuring an 
actual position of the piston within the cylinder, com 
parator means for comparing a desired position of the 
piston with the actual position, and drive means con 
nected to the comparator means for positioning the 
magnetic means in dependence of the input signal, 
whereby the piston assumes a steady-state position pro 
portional to the input signal. 

It is advantageous if. the position measuring means 
includes an oscillator, and if the position measuring 
means measures the actual position of the piston within 
the cylinder in a contactless manner. 
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It is further advantageous if theposition measuring 
means provides an indicating signal in the form of an 
alternating current signal indicative of vthe position of 
the piston, and if rectifyingmeans are-provided for. 
rectifying the alternating current signal, and for feeding 
the recti?ed signal to the comparatorvmeans. The com 
parator means advantageously includes‘ an ampli?er in 
the form of an integrated circuit. 

BRIEF DESCRIPTION OF’THE'DRAWING" 
For a fuller understanding of the nature and objects 

of the invention, reference should be had to the follow-Y.‘ 
ing detailed description, taken in connection with the'_ 
accompanying drawing in which: 
FIG. 1 shows a mechanism ‘for precontrol according. 

to a process reduction; , 

FIG. 2 shows a mechanism 'with ‘a. mechanical follow-7' 
on system, and 
FIG. 3 shows a mechanism with an electrical position‘v 

control. 

DESCRIPTION OF THE PREFERRED 
. EMBODIMENTS > 

20. 

Referring now to the drawing, a cartridge valve" 
housing 1 has an inlet 1' for receiving a fluid from a 25 
main conduit2, and an outlet '3 for discharging the ?uid, ‘ 
A valve or cartridge element 4 disposed betweenthe 
inlet ‘1', and the outlet 3, so as to control‘ the ?ow of 
?uid‘ discharged from the outlet 3; communicates hy 
draulically through linkage means 5‘ with an adjustable 
throttle 6 of a piston‘ 7. The throttle ‘6‘is formed by 
pressing the ?at end of the linkage 5 ‘on the harem the 
center of the cartridge-element 4’and this ‘has 'an'open 
ing-closing function'and isyby this means controlling the ' 
?ow. The piston 7 is disposed in a cylinder‘8 substanti; _ 
aly closed off from‘ the valve housing 1;~the piston v7 is 
in driving connection with the valve or cartridge ele 
ment 4, and maybe moved within the cylinder 8 in 
opposite directions, so as- to cause the valve'or cartridge 
element 4 to open or close the discharge-opening 3; 
The cylinder 8' has an opening 19’ disposed on one 
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side of the‘ piston 7, and’ an opening-‘20' disposed on the‘ “ 
other side‘of the piston 7, for ?uid-to pass therethrough. 
The ?uid on‘one side of the piston 7 exerts a ?rst pres 
sure on ‘the one side, and‘ the ?uid on the other side of 
the piston- 7 exerts ‘a second pressure‘ on‘ the other-side. 

45 

> Resilient means'in the form of a spring 9, ‘or 9’ urges ' 
the piston 7 to close the valve or cartridge‘element 4 for 
throttling the?ow vof ?uid from the cartridge valve 
housing inlet 1’ to the ‘valve housing outlet 31'" 
A ?uid control device communicates with the main 

conduit 2, and with the openings 19' and :20"of the 
cylinder 8. The ?uid control "device includes a switch 
17, which has‘ ?rst and second active stations, and a 
neutral station. The'?uid switch 17 occupies one of the 
active stations, .when operative. ' > ; - ‘ 

The cartridge valve housing inlet 1’ is connected to‘ 
the opening 19' of the cylinder 8, andthe opening.20' of 
the cylinder.8 is connected to a source of the ?uid in the . 
?rst station; the cartridge valve housing inlet 1' is 'con 
nected to the opening 20’ of the cylinder 8, and the 
opening 19’. is connected to the-source of-?uid ‘in the 
second active station. The openings'19’ and 20’ and the 
source of ?uid are blocked in the neutral- station. 
The magnet 16 controlled by the input signal exerts a 

force on the ?uid switch 17 in dependence-of the input 
signal, and means are ‘provided for transmitting any 
pressure difference betweenthe- ?rst and second ?uidv 
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pressure to the ?uid switch 17, so as to oppose the force 
of the magnet 16;=this"caus_es the ?uid switch 17 to be 
changed from at least one of the active stations to the 
neutral statioru'when the ?rst pressure equals the sec 
ond pressure. _ 

In a ?rst version of the invention, the ?uid switch 17 
includes ‘a container "17’ and a slider 18, which slider ‘18 ' 
slides reciprocally in the container 17" along a predeter 
mined direction, and along‘ a direction opposite to the 

, predetermined direction. The slider.18 has oppositely 
disposed end surfaces'25 and 26 substantially at the ring 
angles with the above-described direction; the container 
17’ also has an aperture 27, and an aperture ‘28 disposed, 
substantially opposite “the end surfaces 25 and 26, re 

I spectively. The magnet, 16 will then be seen to exert a 
force directly on the slider 18.1 
The means for transmitting any pressure difference , 

between the ?rst and second ?uid pressures to the ?uid 
switch 17 in this version of the invention includes a 
conduit 19 which communicates with the ?rst cylinder 
opening 19’ and the aperture 27, and a second conduit 
20 which. communicates with the second cylinder open 
ing 20’, hand the secondaperture 28. _, _ 

In‘ a second version of theinvention themagnet 16 
exertsa force directlyon the .slider 18, and the means 
for transmitting any pressure difference between the 
?rst and second?uid-pressures to the ?uid switch 17 
includesthe resilient means 9’ in the form of a spring. 
Thespring ‘9' isialso. connected to the slider 18 so as to 

~ exert a force thereon opposite to the force of the magnet 
16,_ so that a comparison of the forces exerted on the 
slider 18 by the magnet 16, and the spring 9’, takes place 
in the ?uid switch 17. : v ,1. ‘, I . . 

.The?uid switch_,-17¢ and the cylinder .8 are ?rmly 
{mechanically connected togetherrjl‘he spring 9’ is acted 
upon vby a compression load exerted between the piston 
7 and the slider 18. , I _ . ' ~, __ - 

In athird ,version of the present invention the means 
for transmitting any pressure difference between the 
?rstandsecond ~?uid pressure to the ?uid switch 17 
includes position measuring means 24 for measuring an 
actual position of thepiston 7_within the cylinder 8, 
comparator'rrieans 23 for comparing a desired position 
of the piston 7 with the actual .position, and drive means 
=29~connected= to the comparator‘ means 23 and con 
nected to the recti?er means 31 for positioning the mag 
net 17 in- dependence ' of the input: signal, so that the 
piston7assumes-a steady-‘state-position proportional to 
the input signal. The position measuring means'may be 
‘a displacement pick-up 24 including an oscillator 30, so 
that-the actual position of the piston’! within the cylin 
der 8 is measured in a contactless manner. The displace 
ment-pick-up 24 is arranged to provide an indicating 
signalin the: form of analternating current signal, which 

~ is indicative‘ of the position of the piston 7; a demodula 
tor 32 is provided for feeding the recti?ed signal to the 
comparatormeans 23. . -, .~ . _ . 

The comparator. means 23 includes an ampli?er in the 
form of an integrating circuit; the comparator means 23 
at its output contains an error signal, being the differ 
ence between the input from the displacement pick-up 
24,~and the input signal which error signal in turn con 
trolsthe drive means 29, which drive means positions 
the magnet 16. . . ' - 

vIv wish it to be understood thatl do not desire to be 
limited to the exact details of construction shown and 
described, for obvious modi?cations will occur to per 
sons skilled in the art. " ‘ ' '- > 



4,311,296 
5 

Having thus described the invention, what I claim as 
new and desire to be secured by Letters Patent is as 
follows: 

1. A system for regulating the ?ow of a ?uid in de 
pendence of an input signal, 

comprising in combination: 
a valve housing including a ?uid-pressure expansible 
chamber and having an inlet for receiving a fluid 
from a main conduit, and an outlet for discharging 
the ?uid, 

main valve means adjustably positionable between 
said inlet and said outlet de?ning an adjustable 
passage upstream of said outlet to control the rate 
of ?ow of the ?uid discharged from said outlet, 
said main valve means including a ?rst passage for 
transferring the ?uid from the main conduit into 
said expansible chamber for closing said main valve 
'means 

a cylinder substantially closed off from said valve 
housing, 

a piston valve means in driving connection with said 
main valve means and being movable within said 
cylinder in opposite valve closing and valve open 
ing directions, said cylinder having a ?rst opening 
disposed on one side of said piston valve means, 
and a second opening disposed on the other side of 
said piston valve means for ?uid to pass there 
through, the ?uid on said one side of said piston 
valve means exerting a ?rst pressure on said one 
side, the ?uid on the other side of the piston valve 
means exerting a second pressure on said other 
side, 

resilient means urging said piston valve means to 
close said main valve means for throttling the ?ow 
of ?uid through said adjustable passage, 

?uid control means in communication with said main 
conduit and with said ?rst and second openings of 
the cylinder comprising: 

a ?uid switch, having ?rst and second active stations, 
and a neutral station, said ?uid switch, when opera 
tive, occupying one of said active stations, and 
including a container, and a slider reciprocally 
slidable in said container along a predetermined 
direction, and along a direction opposite to said 
predetermined direction, 

said main conduit being connected to said ?rst open 
ing of said cylinder, said second opening of said 
cylinder being connected to a source of ?uid, in 
said ?rst active station, 

said main conduit being connected to said second 
opening of said cylinder, said ?rst opening being 
connected to the source of ?uid, in said second 

_ active station, 

?uid transmission to said ?rst and second openings 
being blocked in said neutral station, 
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6 
magnetic means controlled by said input signal for 

exerting a force on said slider in dependence of said 
input signal, and 

means for transmitting any pressure differential be 
tween said ?rst and second ?uid pressures to said 
?uid switch so as to oppose the force of said mag 
netic means, whereby the ?uid switch is changed 
from a corresponding one of said active stations to 
said neutral station upon said ?rst pressure equal 
ling said second pressure, so as to enable said piston 
valve means to expell the ?uid from the expansible 
chamber through a second passage in said main 
valve means to control said main valve means to 
regulate the out?ow of said ?uid through said ad 
justable passage, the cross-section of of said pas 
sage being proportional to said input signal. 

2. A system as claimed in claim 1, wherein said mag 
netic means exerting a force on said slider, and wherein 
said means for transmitting any pressure difference 
between said ?rst and second ?uid pressures to said 
?uid switch includes said resilient means, said resilient 
means being connected to said slider so as to exert a 
force thereon opposite to the force of said magnetic 
means, whereby a comparison of the forces exerted on 
said slider by said magnetic means and said resilient 
means takes place in said ?uid switch. 

3. A system as claimed in claims 1 or 2 wherein said 
resilient means is at least partially disposed in said cylin 
der. ‘ 

4. A system as claimed in claim 1, wherein said means 
for transmitting any pressure difference between said 
?rst and second ?uid pressures to said ?uid change-over 
switch comprises: 

position measuring means for measuring an actual 
position of said piston within said cylinder, 

comparator means for comparing a desired position 
of said piston with said actual position, and 

drive means connected to said comparator means for 
positioning said magnetic means in dependence of 
said input signal, whereby said piston assumes a 
steady-state position proportional to said input 
signal. 

5. A system as claimed in claim 4, wherein said posi 
tion measuring means includes an oscillator, said posi 
tion measuring means measuring the actual position of 
said piston within said cylinder in a contactless manner. 

6. A system as claimed in claim 4, wherein said posi 
tion measuring means provides an indicating signal in 
the form of an alternating current signal indicative of 
the position of said piston. 

7. A system as claimed in claim 6, wherein said posi 
tion measuring means further includes rectifying means 
for rectifying said alternating current signal, and for 
feeding the recti?ed signal to said comparator means. 

8. A system as claimed in claim 5, wherein said com 
parator means includes an ampli?er. 

9. A system as claimed in claim 8, wherein said ampli 
?er is an integrated circuit. 

1* * * * *1 


